In vitro propagation differs from the ex vitro in a number of aspects such as the planting medium and nutrient supply, duration and concentration of growth regulator treatment, type and age of tissue, special environment on account of a contained vessel and heterotrophy or mixotrophy in contrast to autotrophy ex vitro. Plant growth is governed by the expression of numerous genes which are turned on or off under specific developmental stages or in response to external stimuli. To our knowledge, no efforts have been made to assess whether gene expression profiles are identical or different under in vitro and ex vitro environments. This question when put informally before divergent group of plant biologists, the opinion was found to be divided.
Adventitious root formation constitutes an appropriate basic plant process to study gene expression profiles under in vitro and ex vitro conditions, and the availability of well characterized propagation protocol using softwood leafy cuttings in vitro (Thomas, 1998) and in vivo (Thomas and Schiefelbein, 2004) which are amenable to nucleic acid extraction makes grapevine an ideal system for such studies. Leafy grape microcuttings cultured in vitro or softwood cuttings planted in vivo showed signs of root formation (e.g. basal swelling) within two days after planting and this period appeared to correspond to early rooting inductive phase (Thomas, 1998; Thomas and Schiefelbein, 2004) . mRNA differential display studies using RNA isolated from stem tissue of leafy cuttings 48 h post-planting and control shoots has helped in demonstrating differential gene expression during early rooting period (Thomas and Schiefelbein, 2002a) , isolation and characterization of some genes involved in rooting viz. VvADF (Thomas and Schiefelbein, 2002b) , VvPRP1 and VvPRP2 (Thomas et al., 2003) and demonstration of their expression in various organs of soil-grown plants.
Differential display Reverse transcriptasePolymerase chain reaction (DD RT-PCR) technique (Liang and Pardee, 1992 ) is a very powerful tool for studying gene expression at any given time in two or more samples and this method still commands popularity in diverse biological systems over all other competitive gene discovery technologies (Liang, 2002) . In this study, we have used differential display technology to assess whether the gene expression pattern is identical or different under in vitro and ex vitro conditions using grape softwood cuttings in the rooting phase.
The studies were carried out using grape (Vitis vinifera L.) cv. Arka Neelamani. The in vitro stocks were grown on MS (Murashige and Skoog, 1962) medium containing 3% sucrose and 1.0 lM indole 3 acetic acid (IAA) at 26 ± 2°C under 16-h photoperiod (40-50 lmol m )2 s )1 ) provided by cool -white fluorescent tubes, with subculturing at 1-3 month interval as described previously (Thomas, 1998) . Single node microcuttings measuring about 1-1.5 cm with lamina at the apical end were prepared from stock cultures at 1.5-2 months after culturing.
The ex vitro stocks were comprised of 2 month old in vivo established, tissue culture derived plants and the shoots further propagated using singlenode cuttings (Thomas and Schiefelbein, 2004) . These plants were raised under similar conditions as in vitro plants but for a slightly higher light intensity (60-80 lmol m )2 s )1 ) and planting in Sunshine Mix 1 â (Sungrow Horticulture, Washington DC, USA) in mini pots (8 · 8 · 7.5 cm). Single node softwood cuttings with lamina at top end were prepared from these stocks and the lower half of all the cuttings were dipped for 15 min in 100 lM IAA prepared in half strength MS medium (pH 6.0) before planting. The pots were arranged in plastic trays and covered with transparent domes to avoid desiccation.
RNA was extracted from the stem tissue excluding the leaf part as described by Thomas and Schiefelbein (2002a) . The four sources of RNA for differential display were (control 1) stem tissue from the in vitro grown stock, (control 2) ex vitro grown stock, (3) microcuttings grown for 48-h in the in vitro medium as described above and (4) softwood cuttings 48 h post-planting in the Sunshine Mix 1 â medium in vivo.
DD RT-PCR (Liang and Pardee, 1992 ) was performed as per Reuber and Ausubel (1995) using the RNAImage TM kit1 (GenHunter Corporation, Nashville, TN) following kit instructions. There were 24 PCR combinations per RNA sample resulting from three anchored primers viz., H-T 11 A, H-T 11 G and H-T 11 C (designated as A, G and C respectively) and eight arbitrary primers (AP 1-8) as per the kit. PCR products from the four RNA sources were run side by side and the differentially expressed bands were detected after subjecting the gels to autoradiography. The autoradiographs were observed for the bands that were specific to in vitro or ex vitro tissue alone, either constitutive or induced. Six primer combinations (AxAP4; AxAP6, AxAP8, GxAP2, CxAP5 and CxAP7), which showed some differential bands, were run a second time to confirm the observations.
The cDNA bands of interest were isolated by aligning the autoradiograph to the gel as per kit instructions and was further PCR amplified in a 40 ll reaction using the same set of anchored and arbitrary primers that generated the original band. The reamplified DNA bands were gel-purified using the QIAquick kit (Qiagen) and were used in probe preparation for Northern hybridization analysis.
RNA from the four treatment sources was used in Northern hybridization analysis. RNA (8 or 10 lg) was electrophoresed in denaturing (2.2 M formaldehyde) agarose gels (1%), transferred onto GeneScreen (NEN Research Products) membranes using 10· SSC as per manufacturers instructions and four such membranes were prepared. Probes were prepared using Random Priming kit (Roche Molecular Biochemicals) and a-32 P-dATP. Partial cDNA clones of two genes that are differentially expressed during rooting and are fairly well characterized viz., VvADF (Thomas and Schiefelbein, 2002b) and VvPRP1 (Thomas et al., 2003) were used as the positive controls. Pre-hybridization, hybridization and washing were performed as described earlier (Thomas and Schiefelbein, 2002b) .
Examination of DD autoradiographs indicated a number of differentials that were induced both in vitro and ex vitro cuttings during rooting inductive phase but the gene expression profile under the two conditions, whether constitutive or induced, was largely similar (Figure 1 ). Scoring revealed that over 99% of the bands were identical between the two situations. Four bands that appeared to be specific to in vitro tissue (designated as I 1-4 ) and four bands specific to ex vitro (E 1-4 ) were short-listed for detailed studies (Figure 1 ; Table 1 ). Northern hybridization analysis using the four putative in vitro specific cDNA probes showed similar positive signal from all the four test RNA samples for I 1 , I 2 and I 4 while no signal was detected for I 3 (figures not presented). Northern blot using four putative ex vitro tissue specific cDNA bands showed a positive signal for E 2-4 probes while no signal was observed for E 1 . The control cDNA probes VvADF and VvPRP1 showed over expression and induction of expression respectively in rooting-induced stem tissue compared with control tissue in the expected lines (Thomas and Schiefelbein, 2002b; Thomas et al., 2004) . Figure 1 . Autoradiograph of a denaturing differential display gel loaded with PCR amplified cDNA of control stem tissue from the in vitro grown stock (a), control stem tissue from ex vitro grown stock (b), microcuttings grown for 48 h in the in vitro rooting medium (c) and softwood cuttings 48 h post-planting in the ex vitro rooting medium (d). A, G and C represent anchored oligo-dT primers H-T 11 A, H-T 11 G and H-T 11 C respectively and AP n represent the arbitrary primers of RNAImage kit1 (GenHunter Corporation, Nashville, TN). Arrow head indicates rooting or severing -related differentials, I 1-4 represent the in vitro specific differentials and E 1-4 , the ex vitro specific differentials.
The results thus suggested that no significant differences in gene expression pattern are detected between in vitro and ex vitro conditions during basic physiological processes such as rooting. Employing DD technique, we have isolated over 100 differentials expressed during rooting phase (48 h) leading to the cloning and characterization of some genes (Thomas and Schiefelbein, 2002a, b; Thomas et al., 2003) . In the present study, the two experimental situations differed in a number of respects which are inherent to each one while severing, which is an integral component of propagation using cuttings and rooting induction were common to both the situations. The major differences between the in vitro and ex vitro situations included the concentration and duration of auxin treatment, age and type of tissue, exposure to different growing media and growing environment. Despite these vast differences, the gene expression was identical under the two environments during rooting. Whatever little difference observed in DD panels was attributable to false positives, which is one of the limitations of the mRNA differential display technique (Appel et al., 1999) . The false positives may be attributable to genomic DNA contamination, PCR artifacts, comigration of cDNAs besides other causes (Appel et al., 1999; Martin and Pardee, 1999) . The overall similarity in the banding pattern observed between in vitro and ex vitro cDNA in DD panels suggests that the false positives encountered here need not be a matter of concern in arriving at the conclusion.
In conclusion, mRNA differential display and subsequent Northern blot analyses of gene expression using RNA samples from control stem tissue of grape and stem tissue in rooting inductive phase have indicated that gene expression pattern is more or less identical under both in vitro and in vivo conditions. 
